fer, they have different effects on capsule appearances. Some investigators have reported capsular appearance of HCC is less frequently observed and less discernable on gadoxetic acid-enhanced MR images due to relatively high backgrounds of hepatic parenchymal enhancement (10) (11) (12) .
Subtraction of unenhanced images from gadolinium-enhanced images has been reported to enable better characterization of the enhancement patterns of focal liver lesions and to maximize lesion visualization (13) (14) (15) . In the present study, we evaluated the usefulness of subtraction images generated from portal or transitional phase (TP) images with respect to the detection of HCC capsule on gadoxetic acid-enhanced MR images.
MATERIALS AND METHODS

Patients
Our Institutional Review Board approved this retrospective study and waived the requirement for informed consent due to its retrospective nature (IRB No. CR316128). From May 2015 to February 2017, a total of 108 consecutive patients at risk of HCC (91 with liver cirrhosis and 17 with chronic viral hepatitis) underwent preoperative gadoxetic acid-enhanced liver MRI and hepatic resection within 3 months. One patient who had been treated by transarterial chemoembolization prior to surgery was excluded. The remaining 107 patients (71 men, 36 women; mean age, 64 years; range, 45-88 years) had 122 focal hepatic lesions, that is; 108 HCCs, 6 cholangiocarcinomas, 2 combined HCC and cholangiocarcinoma, 1 metastatic adenocarcinoma, 1 high grade dysplastic nodule, 1 regenerative nodule, 2 focal nodular hyperplasia-like nodules, and one intrahepatic splenosis. Eleven patients had multiple HCCs (9 had two HCCs, one had three HCCs, and one had four HCCs) and one patient had one HCC with one combined HCC and cholangiocarcinoma. 
MRI Technique
Statistical Analysis
The detection rates of an capsular appearance by visual assessment of PVP and/or TP and using subtraction images of PVP and/or TP were compared using receiver operating characteristic (ROC) curve analysis.
To assess the clinical effects of subtraction images for the diagnosis of HCC using the LI-RADS diagnostic algorithm, we compared the sensitivities, specificities, and accuracies of LR-5 or LR-5V for HCC between the following two situations: 1) when conventionally defined capsular appearance was included as a major feature, and 2) when capsular appearance defined on subtracted images was included as a major feature. Pathological results were used as reference standards.
Interobserver agreement between imaging findings (before consensus) was determined using weighted kappa statistics. 
RESULTS
Image Quality of Subtraction Images
Thirty-three of the 107 patients (30.8%) showed a misregistration artifact (Grade 1, one patient; Grade 2, five patients; and Grade 3, 27 patients), and the images concerned were considered unsatisfactory. 
Patient and Lesion Characteristics
Image Analysis
Imaging evaluations of capsules revealed good agreement between the two reviewers on conventional (ĸ = 0.68) and subtraction images (ĸ = 0.72). Diagnostic performances of hepatocellular capsules on conventional images and subtraction images are summarized in Table 2 . The sensitivity and accuracy of detection of HCC on subtraction images were higher than those on conventional images, but specificity did not differ. In addition, area under ROC curve (AUC) was significantly higher for subtraction images than conventional images (p < 0.001) ( Fig. 1) .
When focal hepatic lesions were categorized using subtracjksronline.org J Korean Soc Radiol 2018;79(6):340-347 tion images, the AUC of LR-5 or LR-5V for diagnosing HCC were significantly higher than the AUC of conventional images (0.65 and 0.69, respectively) (p = 0.011) ( Table 3) .
DISCUSSION
In the present study, it was found subtraction images detected the capsular appearance of HCC more sensitively than conven-tional images (95.4% and 73.9%, respectively) without loss of specificity (64.7% and 64.7%, respectively), and that the diagnostic performances of LR-5 and LR-5V, including capsular appearance as a major feature, using subtraction images was significantly higher than that of conventional images (p = 0.011).
Histologically, HCC capsules are composed of two layers; an inner layer rich in fibrous tissue and an outer, water-rich layer with portal venules (or sinusoids) and newly-formed bile ducts (3, 4) . However, imaging does not always show a true fibrous capsule; instead, a pseudocapsule consisting of peritumoral sinusoids and/or fibrosis may be evident (4, 17) . This capsular appearance, be it a true fibrous capsule or pseudocapsule, is one of the specific findings of HCC, because benign nodules and non-HCC malignancies usually do not manifest a capsular appearance (18) (19) (20) (21) (22) .
Fibrous capsules and pseudocapsules have similar appear-
ances on dynamic MR images, and appear as enhancing rims on PVP or TP images due to retention of contrast agent within prominent peritumoral sinusoids and/or fibrosis (9) . Approximately 50% of gadoxetic acid is uptaken by hepatocytes, and this uptake starts with first pass through the liver; in fact, it has been reported to become visible as early as 90 sec after injection (23) . Furthermore, this rapid uptake by hepatocytes also explains the rapid removal of gadoxetic acid from capsule sinusoids, and therefore, capsules are faint and not well identified on PVP or TP images.
However, according to our results, the conspicuity of a capsule or pseudocapsule is improved on subtraction images generated from PVP or TP images. One possible explanation for this result might be that subtraction images more prominently represent subtle differences in contrast enhancement than conventional images, which in turn suggests subtraction images better depict capsular appearance than conventional images. 100% specificity for HCC (10) . However, in the present study, the specificities of LR-5 and LR-5V for HCC were poor (55.6%), which appeared to be related to several false positive results attributed to the presence of a pseudocapsule.
Previous studies have reported the success of the subtraction technique depends on the degree of misregistration artifact between non-enhanced and enhanced source images (13, 14) .
The assessment of subtraction image quality is important because false positive diagnoses can be made for capsules when In summary, we conclude subtraction images from portal or TP images may be helpful for detecting HCC tumor capsules on gadoxetic acid-enhanced MR images in at-risk patients.
